The question of whether there is a lasting effect of childhood experience on mental health has eluded causal measurement. We draw upon identical twin data and econometric instrumentation to provide an unbiased answer. We find that 55% of a one standard deviation change in mental health due to idiosyncratic experience at age 9 will still be present three years later. Extending the analysis, we find such persistence to vary with age at impact, gender, and mental health sub-categories. This investigation allows us to get a grasp on the degree to which childhood events influence health and socio-economic outcomes by way of their lagged effect on subsequent mental health. A better understanding of the evolution of mental health also helps identifying when mental health issues can be most effectively treated.
Introduction
Mental health is of critical importance to individual well-being, social cohesion, and economic life (1) (2) (3) and research has found effects of childhood mental health on physical health and longevity (4) (5) (6) (7) (8) (9) as well as education and labour market outcomes (9) (10) . The mechanism through which mental health impacts later life events, however, remains elusive. Genetic endowments provide some explanatory power for differences in mental health (11) (12) (13) (14) (15) (16) but the impact of early environmental experience on later mental health and, in turn, life events has so far eluded causal measurement. Although survey studies have previously shown evidence for an association between childhood experience and adult mental health (17) (18) (19) (20) (21) (22) , in this study we draw upon identical twins data and econometric instrumentation techniques to provide an unbiased answer to this important question. Evidence for the persistence of mental health experience would bolster the case for treatment approaches and early intervention in the case of childhood experience. If no unbiased evidence can be obtained then the focus should be on preventing negative shocks to mental health instead of their treatment.
In order to better understand the idea of mental health continuity, we illustrate with an example of physical health. Consider four different physical conditions, each of them characterized by a different level of continuity over a period if no treatment were provided: (a) A cold generally goes away within a week whether treated or not: its continuity is zero. (b) A permanent physical impairment such as an amputation has a continuity of one. (c) Degenerative diseases will get worse over time, that is their continuity will be larger than one. (d) A multiple fracture may never completely heal, showing continuity smaller than one, but larger than zero. In this paper we try to understand to which of these four groups idiosyncratic childhood experience belongs and measure its effect on later mental health.
Using the Twins' Early Development Study-a large-scale UK twin pairs data set (23)-we study the persistence of child mental health by performing a comparison of identical twins in order to account for genetic confounding and shared experience. Throughout the analysis we consider a well-known mental health scale-the Strength and Difficulties Questionnaire or SDQ (24) (25) -and also evaluate its five specific components: emotional symptoms, conduct disorder, hyperactivity, peer relationship problems, and prosocial behaviour (the SDQ questionnaire and descriptive statistics are provided in figures S1-S2 and tables S1-S3 in the Supplements Appendix). We also take advantage of the availability of a child self-report, a parent report, and a teacher report that evaluate child mental health independently. This unique feature of the data allows us to instrument the analysis, reduce measurement error bias and further limit endogeneity concerns (for methodological proofs see Methods and the Supplements Appendix). For the instrumented co-twin analysis we focus in on a three year timeframe-with study subjects aging from nine to twelve years-for which we have access to all three independent reports on child mental health. To gain a broader sense of mental health continuity we extend our study to as early as 4 years of age though with less measurement accuracy.
Methods

Participants
The Twins' Early Development Study (or TEDS) is a longitudinal study of twins from early childhood through adolescence. TEDS originally enrolled about 15,000 twin pairs born in the UK between 1994 and 1996 to allow for the multivariate investigation of language, cognition and behaviour problems. For a detailed overview of the TEDS cohort and its selection criteria please see the most recent review by Oliver and Plomin (23) .
Child mental health was assessed using the screening instrument called the Strengths and Difficulties Questionnaire (SDQ). The SDQ is a well-validated 25-item questionnaire (24) (25) .
Items are scored 'not true', 'somewhat true', or 'certainly true' and used to construct five subscales of five items each (emotional problems, conduct problems, hyperactivity-inattention, peer problems, and prosocial behaviour). The subscales are also added up to produce a total SDQ score for each informant (See Table S1 in the Supplements Appendix for full item list). The twins' parent (mostly the mother) filled in an SDQ questionnaire starting at age 4, the teacher starting at age 7 and the child filled in a self-reported SDQ questionnaire starting at age 9. Table   S3 in the Supplements Appendix summarizes the SDQ averages for our TEDS sample, and compares them with the UK population SDQ averages. The table shows that the TEDS sample is characterized by slightly lower mental health problems (and slightly more prosocial behaviour) than the general population. Figure S2 in the Supplements Appendix also shows that the mean SDQ levels reported by different informants are very different. While the average level of total SDQ according to the parents is 6.5, the average level according to the teachers is 4.7, and as high as 10.7 according to the child self-report measure. The discrepancy between informants is a well-known issue in the psychological literature (see Reyes and Kazdin (26) for a review). The main method the literature uses to investigate these discrepancies is to analyse the correlations between different life factors and the SDQ reports of each informant in different data sets. The differences between the correlations teach us something about the nature of the informant, and possibly about the bias in his/her report. For example, Collishaw et al. (27) conduct this analysis with the SDQ measure that we use. In their paper, the authors use the 1999 British Child and Adolescent Mental Health Survey (n = 4,525, ages 11-15 years), where teachers, parents and children completed the SDQ. They show that teachers' reports are more correlated with the child being male, with the existence of learning difficulties, and with the social economic status of the child's family and neighbourhood. The authors' interpretation of these results is that the teacher is biased by what is considered a risk group (males, poor families), and by the child's behaviour in the class (how well s/he learns). The parent's report is more correlated with the child's poor general health, child's neurodevelopmental disorders and with family variables like the caretaker's distress (usually the reporting parent) and the family's socio-economic status. The authors' interpretation for this is that the parent is biased by other problems that the child has, and also by his/her own mental condition. Since the caretaker's mental condition is also correlated with the socio-economic well-being of the family, it is likely to be correlated with those variables as well. Overall, the literature on this is not conclusive about the reasons why these discrepancies occur, and which of the informants is more reliable. Figure S2 in the Supplements Appendix shows the distribution of total SDQ and of three specific disorders (conduct disorder, emotional disorder, and hyperactivity) at the age of 9. For each scale we show the distribution of the reports of all three informants (parent, teacher, and child self report). In line with the averages reported in table S2 in the Supplements Appendix, the histograms show that teachers generally report lower levels of mental distress compared to parents, and that children report higher levels of mental distress. The same is true for all three disorders and for the total scale. As the histograms suggest, the reports are very different from each other. We conclude that using a measure of mental health based on any single informant would introduce measurement error that might significantly alter the results (see Griliches (28) ). Furthermore, we treat the reports as each being a function of a true component and an error component, where the true component is identical for all the reporters. For simplicity, and as it is commonly done in the literature, we assume an additive function. Each reporter thus describes a different aspect of the child's mental health, and therefore it is harder to assume a mutual component of all the reporters even though the reporters are answering exactly the same questions. It could be that the child behaves differently at home than at school, therefore the reports are different. It may also be the case that the inner personality structure of the child is stable even if she expresses it differently in each environment. Assuming this, the SDQ was initially designed for both teachers and parents.
It therefore asks about a wide range of behaviours where some are typical at home and some at school, so that the total score of each report should give the true level of mental distress. We assume that each report contains the true component of the child's mental state. The deviance from this true component is an error term (a formal analysis is presented in the Supplements Appendix). In order to estimate the size of a possible measurement error we look at the correlations between the reports of different informants of same twin's mental health status.
Assuming each informant's report has a true and an error component, if the true component is large for all informants then we would expect a high correlation between the reports. Table S3 in the Supplements Appendix shows the correlation matrix between the reports on the twins' SDQ by all three informants (parent, teacher and child self report). In the table, each cell is the correlation between the different mental health variables, where
! is the mental health variable of twin as reported by informant = , , , where , and denote parent, teacher and child respectively. The highest between-informants correlation is 0.34 (parent -child self report). This can be interpreted as a measurement error that is 66 per cent of the variation of these variables (see Ashenfelter and Krueger (29) ). The correlation matrix also provides information about the existence of an informant-systemic measurement error. Such a measurement error will lead to a higher correlation between 9 !! ! and 9 !! ! than between 9 !! ! and 9 !! ! or between 9 !! ! and 9 !! ! . Similarly, such positive correlation will lead to a higher correlation between 9 !! ! and 9 !! ! than between 9 !! ! and 9 !! ! or between 9 !! ! and 9 !! ! , because the same informant's reports contain a common measurement-error component that reports by different informants do not contain. In the presence of classical measurement error these correlations would have been identical. The correlations between the different SDQ reports are consistent with the hypothesis of positively correlated measurement error in the same-person's reports. Given that the psychological literature is not conclusive about who is the best informant, we have made use of all three informants, and used statistical methods in order to minimize the measurement error. In the next sections we outline the main features of our conceptual framework.
Statistical Analysis
The methodological approaches used in this analysis attempt to deal with the biases introduced by the aforementioned measurement error problem and also by omitted variables, including genetic confounders. We start with a simple setup to assess the persistence of mental health,
Where 12 !! , 12 !! is our measure of mental health (SDQ) at age 12, and 9 !! , 9 !! is the observed SDQ at age 9 for the first and second twin of the -th pair respectively. ! are the observed variables that vary by family, but not between twins. Among these are gender, parental qualification and age of the mother when the first child was born. ! are the unobservable variables that vary by family, e.g. the family and general environment where the twins were raised, and in case of monozygotic (identical) twins, also all genetic factors. Dizygotic twins on the other hand only share half of the genetic factors. !! , !! are the unobservable individual components. We assume identical equations for the two twins. Our main interest is estimating , but the OLS estimator may be biased mainly because of two reasons. First, omitted variables:
both the family level unobservables, ! , and the idiosyncratic unobservables, !" are likely to be correlated with mental health at age 9 and at age 12. Second, measurement error: the complexity of identifying mental health disorders might make the measurement error of 9 !" larger, and the use of within-family data may make this problem worse (see for instance Griliches (28)).
Measurement error is also expected in the dependent variable. These issues have been extensively addressed in the economic literature on the returns to schooling also using twin data (28) (29) . For a more recent critical review, please see Sandewall et al. (30) .
The size of the omitted variable bias introduced in a least-squares estimation is given by
(mathematical proof is given in Supplements Appendix). It is plausible that the omitted variables, for example ! , are correlated with the mental health condition at age 9, MH9 !" . In such a case, then ( ! , 9 !" ) ≠ 0 and the OLS estimator would be biased. To minimize the bias we would ideally exploit an exogenous shock to mental health at age 9 for 9 !" . Obtaining an exogenous variable by generating a mental health shock in an experimental setting is not feasible and is uncommon to obtain in a natural experiment setting. We therefore make the following assumption to identify a proxy for an exogenous mental health shock. Mental health, as any other health problem, is an outcome of the interaction between external factors and internal factors. In the case of a cold for example, the external factor is the density of germs in the air around the person. The internal factor is the quality of the person's immune system. In the case of mental illness the external factor is personal experiences, e.g. exposure to violence or degradation. The internal factor is the personal susceptibility to developing a mental disorder. This assumption is well established in the psychological literature on mental health, and it is a key concept in modern genetics studies. See, for instance, the concept of genotype-environment (GxE) correlation in Plomin and Asbury (31) and Caspi and Moffitt (32) . This assumption leads us to two considerations: (1) The susceptibility to develop a mental health problem (the internal factor) is embedded in the individual's genetics. Obviously, the interaction with the individual's experiences starts at birth, or even before that (33) , but the primary location of susceptibility resides in the genes. (2) The source of any difference between two identical twins must therefore come from their experiences, the external factor. Accepting this assumption means therefore that including a twin fixed effect in the regression allows us to control for the internal factor (for identical twins it is 100% of the genes, whereas for nonidentical twins the shared part is 50% of the genes) and all experiences the twins have in common. This shared experience is represented by ! . The remaining difference in mental health after including fixed effects derives from the experience that the twins do not have in common.
We refer to this idiosyncratic experience as a shock (not necessarily an exogenous one).
Formally, the specification with twin fixed effects (FE) is:
effects eliminate the unobserved term, ! and the common components in !" . FE are asymptotically identical to the first differences (FD) method, which is conducted taking the difference between the two parts of equation:
We are using FE rather the FD for efficiency reasons. It could be objected that since the difference in mental health between the twins might stem from experiences back in the womb, or in early childhood, part of the difference in mental health is no more treatable at age 9.
We therefore control for some idiosyncratic early experiences. As an example of very early experiences we consider the twins' birth order, as it is associated with APGAR scores at young ages (34) . We control for birth order in all our regressions, but its inclusion among the regressors has a minor effect on our results. In addition, it is possible that spillover effects take place between twins. This will downward bias our FE results since the mental health of one twin is likely to worsen the mental health of the other twin three years later. The results we find are therefore likely to be a lower bound.
Besides omitted variable bias, the estimated coefficient may also be biased due to measurement error. Measurement error (ME) may be a particularly serious issue in our context because of the complexity to identify and correctly report mental states. As shown in Figure S2 in the Supplements Appendix, different informants (parent, teacher and child) provide very different reports on the child's mental health. The psychological literature does not provide clearcut evidence on which of the informants is more reliable. We therefore use all three reports available in the dataset (parent, teacher and child self report) to minimize the bias. Here we present our empirical framework. In the classical ME model, measured mental health (MH) is related to "true" MH by
! , where 9 !" !"#$ is the "true" MH of twin in family , and 9 !" ! is the measured MH of twin as reported by informant = , , where
, and denote parent, teacher and child, respectively. And !" ! are measurement errors that are uncorrelated with 9 !" !"#$ . If we assume no other bias is in place (no omitted variable bias) the probability limit of the estimate is (mathematical proof is given in Supplements Appendix):
where !"# is the least square coefficient if MH were precisely measured, Var( !" ! ) is the presumed variance of the measurement error, 9 !" ! is the variance of the measured MH at age 9 and 9 !" !"#$ is the variance of the true MH at age 9. In the previous section we made the case of using FE to deal with the omitted variable problem. By introducing FE, however, we may inflate the ME problem. Intuitively, while !" ! is purely random ME, and therefore its variance is the same in the population level analysis (OLS) and in the within family analysis (FE), the variance of MH between twins is much smaller than the variance in the population, and therefore the variance of 9 !" ! does change when going from OLS to FE. In particular, in FE the nominator of the above equation doesn't change while the denominator is smaller, hence a bigger bias (28). Formally, the probability limit of the within-family estimate is:
where !" is the FE coefficient if MH were precisely measured, and ρ !"! is the ratio family to total variance components in 9 !" ! (the variance of MH9 between two twins inside the family over the variance of all the twins in the sample). In order to minimize the measurement error, we take advantage of the richness of our twin data (three MH reports for each twin) and perform 2SLS, using two reports as instrumental variable for the third one: MH12 ji = β(MĤ 9 ji r1 ) + a i + u ji where € (Mˆ H 9 ji r1 ) are the predicted values from the regression: MH 9 ji r1 = α 0 +α 1 MH 9 ji r 2 +α 2 MH 9 ji r3 + a i +ε i . We will use one of the following three
basis of the robustness of the first stage (largest F statistic in the first stage). So far we discussed classical ME. However, this may not be the only type of ME we encounter in our data. The psychological literature suggests that teachers' and parents' responses tend to be biased by the child's learning disabilities and by the child's social class (27) . It is therefore plausible to expect that teachers' report to be correlated between them and similar for the parents' reports. Moreover, it is also likely that when parents report the mental health of both their twins, they will provide correlated reports. The correlation matrix (see table S3 in the Supplements Appendix) was in line with such an informant-systemic error. We therefore need to account for the presence of an informant-systemic error. We consider a ME model given by Another type of non-classical measurement error is the one that is caused by regression towards the mean. Mean reversion takes place when observations who are close to the ends of the distribution can not move away from the mean but only towards it (bounded scales). Mean reversion takes also place when the same variable is observed in two different points in time. If some observations got a score lower (higher) than the mean when first observed, then they have a higher probability to score a higher (lower) value in the second observation. In general, the second observation will be closer to the mean. This will bias our results since this misperception of the true values is affecting more the observations as we move closer to the ends of the distribution. Therefore the coefficient of the regression will be downward biased. 
. The probability limit is given by (mathematical proof given in Supplements Appendix):
Var(MH 9 ji r )
From this equation we see that the estimator is biased if Cov(
and/or if
Cov( !" ! , !" ! ) ≠ 0 . In our case both covariances are plausibly different from zero. In order to minimize this measurement error bias, we should minimize both covariances -
To do this we choose the dependent variable that has the minimum correlation with the independent variables. Recall that the reduced form we are running is
(where ! and ! are any two of the three informants). Therefore, the dependent variable would be 12 !" ! ! (where ! is the third informant). This is also better (in terms of minimizing correlation with the independent variables) than taking any combination between the three reports at 12 (e.g. their average). Table 1 reports on the main results. When controlling for twin common traits, including their genetic endowment, we find that 55% of a one standard deviation change in mental health (total SDQ) at age 9 will still be present three years later. When we investigate the SDQ components separately we observe that 64%, 57%, and 63% of a one standard deviation change at age 9 in, respectively, conduct disorder, emotional disorder, and hyperactivity will still be present three years later. We do not interpret the coefficients on peer problems and prosocial behaviour as being unbiased because the analysis is only weakly instrumented (35) . The enduring effect of childhood experience on mental health varies by gender. Conduct disorder due to idiosyncratic experience in girls has an enduring effect on later mental health that is double the size as compared to boys. Conduct disorder induced by, for example, a traumatic event would appear to hardly fade in girls over the period of nine to twelve years. The opposite is the case for anxiety and depression where the lasting effects linger more greatly for boys as compared to girls. No material gender-specific differences are obtained for the other subcomponents of the SDQ mental health index. When comparing the results for identical versus non-identical twin pairs we find the effect sizes considerably and consistently higher for non-identical twins (see Table S4 in Supplements Appendix). This upward bias is due to the genetic variation that is unaccounted for in non-identical twin pairs. These comparative statistics imply that genetic variation plays an important role in the development of mental health and that it is imperative to disentangle genetic influences from environmental influences when studying the effect of childhood experience on later mental health. When applying econometric instrumentation to account for measurement error we observe consistent increases in the size of the effects that are similar across identical and non-identical twins (Table S4 in Supplements Appendix). This is the result of accounting for the role of ex ante mental health in shaping childhood experience.
Results
When extending the analysis to include mental health at ages four and seven we find a significant degree of continuity over the considered period of four to twelve years old. This evolution over time is shown in Figure 1 and holds for the SDQ mental health index, hyperactivity and prosocial behaviour, and to a lesser extent for anxiety and depression.
Generally, the coefficients become smaller over time indicating a gradually diminishing effect of an earlier idiosyncratic experience on mental health as the child ages (also see Table S5 in Supplements Appendix). Though mental health issues due to experience seem to fade over time a significant residual effect remains. Figure 1 also reveals that the size of the enduring effect of experience on mental health varies by the childhood age at impact. We find that, in general, the older the child is the higher is the continuity of a shock to mental health. For example, considering the overall SDQ mental health score, we observe that the continuity effect between age 4 and 7 is less than the continuity effect between age 7 and 9 which, in turn, is less than the continuity effect between age 9 and 12 (also see Table S5 in Supplements Appendix). A similar pattern is observed for the mental health categories that make up the total SDQ mental health index. This result appears to indicate that child mental health becomes more absorbent over time with experience having an increasingly enduring effect.
Discussion
The results reported here show that there is lasting impact of idiosyncratic experience on mental health in childhood and that its effect diminishes over time. About half of the effect of a personal experience on mental health at age 9 still remains at age 12. Though this report makes an intuitive point it is, to our knowledge, the first unbiased estimate of the enduring effect of childhood experience on mental health. As such, it contributes to the study of mental health and human capital accumulation in a number of ways. First, our investigation into the continuity of child mental health allows us to get a grasp on the degree to which childhood events may influence later health and socio-economic outcomes by way of their lagged effect on subsequent mental health. Second, we address statistical identification problems not previously dealt with in the mental health literature that allow us to present unbiased results. The important role of genetic variation in mental health (11) (12) (13) (14) (15) (16) , as well as other unobservable traits such as quality of nutrition in the womb (33) , is accounted for using identical twin data. Having multiple independent reports allows us to instrument the analysis to address potential reverse causality (the effect that mental health issues may have on childhood experience) and further reduce measurement error. Third, when considering mental health across gender we observe significant differences in terms of conduct and emotional disorders. Finally, the continuity of mental health and the observed gender differences raise the issue of treatment and its effectiveness.
Understanding the evolution of mental health helps identifying when mental health issues can be most effectively treated. Table 1 . An instrumented co-twin analysis of the effect of experience at age 9 on mental health age 12
Note: Shown are standardized coefficients for the persistence of differences in mental health between identical or monozygotic (MZ) twins (due to idiosyncratic experience). Mental health is measured by the Strengths and Difficulties Questionnaire (SDQ), and its sub-indices, and is evaluated by the parents. The child self-report and teacher report are used to instrument the analysis and reduce measurement error. Coefficients are also reported for the sample split by gender. All regressions control for birth order. Robust SEs are in parenthesis. One star represents 90% significance and two stars represent 95% significance. The number of observations and the first stage F-statistic are reported underneath the SEs. Fig. 1 . The effect of experience at ages 4, 7, and 9 on later mental health.
Note: Shown is the persistence of differences in mental health between identical twins (due to idiosyncratic experience). Mental health is measured by the Strengths and Difficulties Questionnaire (SDQ), and its sub-indices, and is evaluated by the parents. Tables S1-S5 Mathematical proofs Figure S1 . The distribution of total SDQ (parent report) at age 9 and at 12 in the TEDS sample. Total SDQ Figure S2 . SDQ distributions by informant at age 9.
Note: The histograms show the distribution of Total SDQ (top row) and of three specific disorders: conduct disorder (second row), emotional disorder (third row), and hyperactivity (bottom row). All graphs refer to age 9. For each mental health measure we show the distribution of the reports for all three informants: parent SDQ on the left, teacher SDQ in the middle and child self report in the right column. Hyperactivity at 9 (child) Table S1 . The Strengths and Difficulties Questionnaire.
Note: Summing the scores from all the scales except the prosocial scale generates the SDQ score.
Appendix A Note: Columns (1) and (4) refer to the TEDS data, age 9 and 12 respectively. Columns (2) and (5) refer to the UK population, age 9 and 12 respectively (Source: National Survey of Child and Adolescent Mental Health (1999) in http://www.sdqinfo.org/norms/UKNorm3.pdf). Columns (7) and (8) refer to the TEDS data, age 12, boys and girls' subsamples respectively. Columns (3), (6) and (9) show whether the means of the two prior columns (7) and (8) (4). Table S5 . Effects of experience on mental health between ages 4, 7, 9 and 12 in identical twin data.
Note: Each column reports the standardized regression coefficients of the persistence of experience on mental health between different age intervals. Figure 1 is a visual representation of these results. Note that these results are obtained using within identical twin variation but are not instrumented because access to all three independent reports on child mental health is only available between ages 9 and 12. 
